New evidence builds upon the Student Engagement Index TM and Teacher Engagement Index TM research
Introduction

Does Design Make a Difference in Learning and Teaching?
Why survey students and educators to see if design makes a difference in their everyday learning or teaching situations? Because, evidence indicates engagement performance is a high predictor of success across multiple domains and learning/work experiences. Specifically, "Research shows that engagement, the time and energy students devote to educationally purposeful activities, is the best single predictor of their learning and personal development" (Anonymous, NSSE, 2010, p. 2) , and thus our research focus. Furthermore, and perhaps just as importantly, most of our human experiences are inside this built 'box' called school; the USA average is 6.5 hrs per day for approximately 180 days = 1,170 hrs per year; added up = 15,210 hours. Therefore, it stands to reason that where we spend our time and how these places are designed to support individual needs is critical to understand.
This current work builds on a career effort and the questions used are framed from multiple researchers in several domains in a holistic approach titled the Users Environmental Interaction Framework.v2© (UEIF.v2) (Scott-Webber, 1999) . This study builds upon that work in trying to understanding how the deign of the built environment impacts student academic engagement levels (Scott-Webber, Konyndyk, French, & French, 2018; Scott-Webber, Konyndyk, French, Lembke, & Kinney, 2017; Scott-Webber, 2004; Scott-Webber, Marini, & Abraham, Spring, 2000) . This report differs as it studies a new age cohort -students in grades 6 to 8. The research question for this study continues to be the same as for the higher grades of 9 to 12. It is, "Can we demonstrate that the design of the built environment for grades 6-8 impacts student academic engagement levels post-occupancy?" The research design is explained next. what was impacting interactions or engagements. We believed it was important to not just answer the research question, but try and provide a tool, or index and measurable awareness levels to use as gauges of engagement and environmental fit. This document reports on a survey of three middle schools, grades 6-8, and is the first time we have attempted to survey students in this age group, as an 'alpha' test, and expected to learn some things to do differently the next time around. Our earlier surveys were of high schools, grades 9-12. Surveying middle school students raised several questions:
1) Would middle school students understand a survey of the type we need to do?
2) How much language would need to change to ensure these cohorts would comprehend our questions from high school?
3) Would middle school students be willing to respond to a survey? 4) How much would the survey need to be simplified and/or shortened for them? 5) Would we get results similar to the high school surveys, and how would results differ? 6) How might middle school teachers answer differently than high school teachers?
We are pleased that overall, students responded well to the survey, and the results were similar to those of the high schools' surveys. To address our concern stated in #2, we asked a former assistant superintendent and some of her educators to review the 9-12 text and help ensure the vocabulary and meaning would fit with this age cohort. Some slight changes were made to the original surveys (three pilots for high school) as a result of their reviews. While we encountered a couple issues along the way, there was nothing that would call the validity of the survey into question. As one would expect, there were some differences between the middle school and the high school survey responses.
Method
A short definition for each step in this Human-Centered Research Design protocol (refer back to Figure 1 ) is shared:
• Discover [D]: Develop a research question/hypothesis and understand what will be the best research design, methods and techniques to find answers, and use them to gather data. It's best to use three techniques to ensure bias is reduced. Once gathered the researcher(s) puts this information into appropriate format(s) for analysis. Whether using quantitative methods or qualitative methods, all data will be worked to produce some numerical findings. Once this latter stage is done, these become research 'instruments' or tools. (NOTE: a human subject's protocol has been reviewed by a third party prior to beginning work with a client; all consent forms approved and received).
• Analysis [A]: Take the data from the research techniques and use appropriate methods to break down the information. By using multiple discovery techniques to avoid bias ensures the comparisons generates consistent and reliable findings. Use statistical methods when appropriate. Pilot test and test again to vet the data for reliability and validity.
• Synthesis [Sy]: Recognize the analysis phase of this work only generates facts. What these facts 'are saying,' how each is connected to the next is revealed by generating meaning and understanding relative to the original question. This segment takes time and expertise to clarify and built a 'truthful' and unbiased consensus from the data.
• Share [S]: Be prepared to share information to multiple audiences and for multiple purposes-clients, designers, conferences, and research manuscripts.
• Plan [P]: Know all data reveal a truth-not always the ones we're looking for or expecting. Be prepared to plan for next steps (ex, go back and address an issue found in a design and/or adjust the design solution for the next time it is used).
The sample information and response rates are shared next.
Sample and Response Rates and Analysis of Missing Data
There were three schools used as convenience samples with purposeful user groups (students and teachers), each school designed by a particular architectural firm, with 1,381 total responses to the student survey. Student response to the survey was very good, with over 60% of the students in each school responding to the survey. Response rates from the teachers were much lower at schools A and B; the reason is unknown (see Table 1 ). The small number of teachers responding made it difficult to draw statistically valid inferences about how the teachers v here are fr be an importa rs/students on grades 6-8. (see Figure 4 ).
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Grade 5", and " ng the student uestion). How s rose toward t e coded, and a Vol. 8, No. 5; 2019 the engagement index for both teachers and students. The overall average values for both the teacher engagement index (TEI) and the student engagement index (SEI) were similar to the corresponding values on the "Omega" survey, and like that survey, the student values showed greater variability (see Figure 11 ). The results of the analysis are next. Figure 11 . Distributions of the engagement indexes
Analysis Results
Regression Analysis/Students
In general, the school played little or no role in the regression results in this survey, while gender had some impact, and grade level had even more impact. Consistent with the surveys of high school students, girls tended to have slightly higher engagement than boys, and those who opted for the "prefer not to say" sector having lower engagement. Engagement also tends to drop as the grade level rises.
Results of the regressions in this survey were very similar to those of the "Omega" at the high school level. While there were a couple of statistically significant interactions, they were of little practical importance. The impact of the various questions on student engagement is basically the same across school, gender, and grade level. These are shared next:
• SEI and Question 1: (The importance of various items for engagement). Of all the numeric questions (1-4, 6, 8, and 9), question 1 has the weakest relationship with student engagement. Regressing the SEI on just question 1 yields a small r 2 = .13. Students who perceive that the items in question 1 are important show only a slight tendency to have a higher level of engagement.
• SEI and Question 2: (How well do the classrooms provide you with the ability to…?). Regressing the SEI on question 2 by itself gives a very strong r 2 = .29 with p < .0001. The school is not a factor, but adding in grade level and gender to the regression raises r 2 to .34. Also, there is no interaction of Q2 with either grade level or gender, and we see that students who believe that the classrooms provide the ability to see and hear well and give access to appropriate items are also likely to be more engaged. The values of r 2 here are quite similar to those of the "Omega" survey (see Figure 12 ). • SEI and Question 6: (What do you think your school values…). Consistent with the "Omega" survey of grades 9-12, we see a strong relationship between student engagement and whether the student believes that the school values items such as creativity, critical thinking, and mentally challenging work.
Regressing the SEI on question 6 alone gives r 2 = .39. (The corresponding regression on the "Omega" survey had a similar r 2 of .45). This question and question 8 (impact of the design of the school on access to peers and teachers and on the ability to move in the classroom) had the strongest association with student engagement, of all the questions.
Once again, school is not statistically significant, even at the p = .05 level. Adding grade level and gender into the regression gives only a small improvement in r 2 , to .42. We may conclude that the effect of the values of the school is the same across gender, grade level, and school, and the effect of the perceived values on engagement is quite strong (see Figure 15 ).
Figure 15. Regression plot: SEI vs. values of the school
• SEI and Question 8: (How much to you believe the design of the school overall impacts your ability) to….). Once again, school is not significant, nor is any interaction terms. Grade and gender add only a little to the information provided by question 8, improving r 2 from .42 to .45. We have another very Perhaps because of the smaller sample size in this survey, the relationships between the numeric questions and the TEI lack statistical significance. As we saw with the "Omega" 9-12 survey, the school is a better predictor of the TEI than are any of the numeric questions. A summary of this information is next:
• Question 1, the second part of question 1 (Design supports), and question 2 do not come close to statistical significance for the TEI, whether with or without the demographic variables
• Question 3 hovers near statistical significance, but only at the p = .05 level. The school is of greater importance to the TEI than is question 3. Regressing the TEI on just question 3 yields a measly r 2 = .055, with p = .0425, while including the school in the model gives r 2 = .22.
• Question 4 Classroom Ratings are statistically significant, with r 2 = .10 and p = .0052. Again, school is more important; adding it to the model raises r 2 to .25. This actually a bit stronger relationship than we saw in the "Omega" survey.
These results are similar to those of the "Omega" from grades 9-12 survey, which also found only weak relationships between teacher engagement and the other numeric questions. Cluster analysis is described next.
Custer Analysis
Clusters for the Students
For the students, four clusters worked well. As with the previous surveys, Ward's Method was used for the clustering. Average engagement in the clusters varied widely, from a high of 4.70 in cluster 2 to a low of 2.91 in cluster 4. Alas, cluster 2, with the highest average engagement, is the smallest cluster. Except for question 1, part 2, a higher number means "good" and a lower number means "bad" for the questions. Question 1, part 2 asked whether the design helped the items in the first part of Q1 succeed, and the scale of question 1, part 2 was reversed, with 1 = Yes and 2 = No. That explains the strange look in the graph at that question. Thus, the four clusters are quite neatly stratified, with cluster 2 having the highest means for each question, followed by cluster 1, and then cluster 3, with cluster 4 having the lowest means for each question (see Table 2 ). A corresponding graph of the cluster means is in Figure 18 (see Figure 18 ).
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A look at t Figure 19 ) The cluster means are in the Table 3 (refer back to Table 3 ). As with the student survey, the second part of question 1 ("Design supports?") had 1 = Yes and 2 = No. Therefore, low values are desirable rather than high values for that question. Note that cluster 4, with the highest TEI, also had the "best" mean for each question other than the first part of question 1. Cluster 3, which also had a high mean TEI, had the "worst" ratings for the "Design Supports" part of Q1, and questions 2 and 8, along with nearly bottom ratings for questions 4 (both parts) and 6. Clusters 1 (red) and 2 (green) had similar average TEI values, but cluster 1 assigned very low importance to the items in question 1, while saying that they were very well supported, and cluster 1 saw much more impact from the building than cluster 2 (questions 3, 8, and 9)
Comparing the teacher cluster by school, results show that School B has the highest percentage of teachers in cluster 4, the "happy" group, with the highest means for TEI, and no teachers in cluster 3, the group that seems quite dissatisfied with their classrooms, despite having a high TEI (see Figure 23 ). What we found regarding the impact the physical surroundings has on the teachers and students follows. 
Discussion
Impact of the Physical Surroundings
Teachers
The table below shows the results of t-tests for H 0 : Mean = 3 vs. Mean > 3 for the questions about the impact of the building (see Table 4 ). Meanings of the numbers:
• Q3: 3 = Moderate impact -4 and 5 are Makes a noticeable (or big) difference.
• Q8: 3 = Acceptable -4 and 5 are Easy or Very easy.
• Q9: 3 = Moderate impact -4 and 5 are Makes a noticeable (or big) difference. Different question items elicited distinctly different average values of the perceived impact of the built environment. Items significant at the p = .01 level are underlined. The overall view seems to be that the impact of the design of the school on teachers' ability to do things is better than merely "Acceptable" (Q8), but that the impact of the building on teachers (Q9) is greater than the impact on students (Q3). Average values in question 3 are slightly lower than in the "Omega," while answers to Question 9 tended to be a little higher than for the corresponding questions in the "Omega." 
Students
Students were asked most of the same questions as the teachers about the impact of the built environment.
Question 3 asked about the impact of classroom design on the student's attitudes. Question 8 asked about the impact of design on the student's ability to do certain activities, and question 9 asked about the impact of the physical spaces on various things. The table below shows the results of t-tests for means of 3 or higher (see Table 5 ). For questions 3 and 9, this means at least a moderate impact vs. a little or no impact. For question 8, this means the impact is acceptable or better. Overall, the averages here are a little higher than those on the "Omega" survey. The descriptors by grade level are next. 
The Impact of Grade Level
The means of the answers to several questions clearly differed by grade level. In fact, the means for all of the composite questions go down as grade level goes up. Thus, as students progress from grades 6-8, they seem to become more negative in their answers to the questions. The students in grade 8…
• See less importance in the activities mentioned in question 1 than younger students.
• Are less likely to believe that the classrooms provide them with the ability to use the basic functions of a classroom (question 2).
• See less impact from the classroom on their motivation and ability to participate (question 3).
• Are less likely to be happy with their classroom overall-noise, lighting, temperature, furniture, etc. (question 4).
• Are less likely to believe that their school values creativity, critical thinking, etc. (question 6).
• Tend to have a lower engagement overall (question 7).
• Are less likely to believe that the design of the school overall facilitates movement and access to others (question 8).
• Tend to see less impact from the building on their overall motivation and ability to move around.
• Are less likely to be in the "better" clusters. This information is illustrated below (Figure 24 ). The next figure (see Figure 24) shows the average answers for each individual item in question group 6, which asked about the values of the school. The blue line is grade 6, the red line in the middle is grade 7, and the green line is grade 8. Average values go down as grade level goes up. A section of questions looked at how the physical environment enabled the ability to move about in the classroom and this analysis follows by user group. Vol. 8, No. 5;  egression ana ility to move ce of being ab nce of moveme ons 8 and 9 a 2019 alyses goes ble to ent in about Table 6 . Questions related to movement and engagement
Question Item
Correlation with the SEI Q1b Move about classroom to be actively engaged -Importance of… 0.248 Q1d Have the choice to use different parts of the room to work with others -Importance of… 0.208 Q8c Ability to move to engage in classroom activities 0.573 Q8d Choose either to sit/lounge/stand in order to be active in the classroom 0.496 Q9c Ability to move around to become deeply engaged in my learning 0.507
The overall message is that for these middle school students, the ability to move correlates strongly with student engagement. A look at the "ability to move" question items in question groups 8 and 9, and engagement shows that engagement is higher for students who believe that movement is easier (see Figure 26 ). (A note about boxplots: the line inside the box indicates the median value, and the box itself contains the middle 50% of the values, giving an idea of the "spread" of the values.) Figure 26 . Ability to move corresponding to level of engagement / students
Teachers
Teachers were also asked some questions directly relating to movement, specifically:
• Q1a Transition in and out of small groups-Importance of…
• Q1b Move about classroom to be actively engaged-Importance of...
• Q1d Have the choice to use different parts of the room to work with others-Importance of...
• Q2i Move around to keep students engaged (How well do classrooms provide this ability)
• Q2j Have your students move around to keep themselves engaged
• Q8c Impact of the design of the school on: Ability to have your students move to engage in classroom activities
• Q9c Impact of the physical space on: Ability for you to move around to get your students deeply engaged in their learning.
While the student answers to the analogous questions in their survey were positively correlated with the student engagement index, the teachers' answers to their questions showed little relationship to teacher engagement. The questions listed above are all positively correlated with each other, and they fall into two basic groups: the three parts of question 1 are well-correlated, indicating that teachers who viewed one type of movement as important tended to view the other types of movement as important. The second group consists of items 2i, 2j, and 8c, Both student and educator perspectives are important to provide a holistic understanding of how the design of a space for learning impacts student outcomes. A high level of statistical significance has been reached across all schools, geographies participating, grade levels, demographics and user groups that YES the design of space makes a difference for student academic engagement levels at p < .0001.
The knowledge gained across the level of cohorts we measured, and will continue to measure, impacts the way one should consider developing design solutions from the macro level to the micro level. The UEIF.v2 continues to ensure questions connect to this grounding framework. The 21st century learning goals, and teaching strategies to support them are well articulated, and through post-occupancy analysis we bridged the connection between design and performance.
